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SPIN-DEPENDENT TUNNELING READ/WRITE 
SENSOR FOR HARD DISK DRIVES 



TECHNICAL FIELD 

The present invention relates generally to hard disk drives and more particularly to 
spin-dependenf^unneling read heads with longitudinal hard bias. 
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BACKGROUND ART 

A large portiorkof the data storage in today's computers uses magnetic media such as 
magnetic disks. Data isNpresented to a computer by huge numbers of bits (ones and zeroes) 
and stored on disks whereveach bit is represented by a transition, which causes an applied 
magnetic field. In order to^ad or write the value of any given bit, a read/write sensor is 
used, which includes one portibn for changing or writing to the disk and another portion for 
detecting or reading changes in the applied magnetic field. 

In the read portion, a sensor that changes electrical resistance in response to a 
magnetic field, called a magnetore\istive (MR) sensor, is employed. In the past, sensors 
utilized the anisotropic magnetoresistfye (AMR) effect where a read element resistance varies 
in proportion to the square of the cosine of the angle between the magnetization in the read 
element and the direction of a sense cunrent flowing through the read element. The sensor 
reads data from magnetic transitions recorded in the media. The magnetic field, resulting 
from a transition, causes a change in the direction of the magnetization in the read element. 
The new magnetization direction changes nje resistance of the read element with a 
corresponding change in the sense current or voltage. 

More sensitive sensors used a larger fonfo of magnetoresistance called the giant 
magnetoresistance (GMR) effect. The GMR effect occurs in multilayer thin films of 
alternating ferromagnetic and nonferromagnetic metals. The resistance of a GMR film 
changes according to the cosine of the angle between theSmagnetization of the ferromagnetic 
(FM) layers. 

The most commonly used sensors now are a subset oiNthe GMR devices called a "spin 
valve" in which two ferromagnetic layers, a "free" layer anti a "pinned" layer, are used. 
When the magnetization in the two layers are aligned, the resistance is at a minimum. When 
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the magnetization is anti-aligned, the resistance is at a maximum. The resistance varies as the 
cosine of the angle between the magnetizations and is independent of the direction of current 
flow. The magnetization of the pinned layer is held in place by deposifing it next to a layer of 
antiferromagnetic (AFM) material with a resulting exchange coupling of the two layers. The 
free layer magnetization is free to rotate in response to the field from the disk. In this way, 
the magnetization swings between being parallel (low resistance state) to anti-parallel (high 
resistance state) as the head flies over recorded magnetic /transitions on the disk. The 
resulting change in electrical resistance arising from the/uMR effect is sensed and the 
magnetic information on the disk is transformed into electrical signals. 

Newer even more sensitive sensors are required which are more sensitive to smaller 
recorded transitions on higher density media. Howeve/ previous sensors have reached their 
limits so new technologies are being investigated. Ohe new technology that has previously 
unsuccessfully been investigated is called "spin-dependent tunneling (SDT)" sensor. An 
SDT sensor differs from the older spin valves by having an insulator between the two 
magnetic layers. The current passes through perpendicular to the trilayers as compared to 
parallel in the case of a spin valve sensor. This perpendicular flow makes it difficult to 
provide a hard bias to stabilize the domains in/the sensor; however, it is believed that an SDT 
sensor would be more sensitive than the current state of the art. 

The problem with SDT sensors is/ that the hard bias requires a hard or permanent 
magnet, to pin edge of the free layer and the hard magnet interferes with the tunneling 
current, which is perpendicular to the layers. This hard bias is referred to as "longitudinal 
hard bias" because it is directionally parallel to the longitudinal direction of the disk media 
surface. / 

Problem with obtaining a s/atisfactory longitudinal hard bias is one of the biggest 
problems in the industry and is one of the reasons that it has not been possible to produce a 
dependable recording head usin^his spin-dependent tunneling technology. 

Some attempts have been made to make a spin-dependent tunneling sensor using a 
hard magnet at the sides of therfree layer, which is outside of the tunneling magnetoresistance 
junction. Unfortunately, previous systems required two free layers in this configuration, 
which added to complexity and cost. 

Another structure involved an insulator between the free layer and the hard biasing 
magnet, but this resulted/ in the requirement for a thick insulator because the hard biasing 
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strength becomes smaller in proportion to the thickness so that stabilization is inefficient. 
Conversely, attempts to make the insulator thinner resulted in short-circuiting of the sensor. 

Solutions to problems of this sort have been long sought, but/nave long eluded those 
skilled in the art. / 

DISCLOSURE OF THE INVENTION 

The present invention provides a hard bias spin-dependent tunneling sensor and 
manufacturing method therefor having a substrate with a first lead formed thereon. A hard 
magnet is formed over the first lead and a free layer is/ formed over the hard magnet. A 
tunneling barrier layer with a first pinned layer formed fliereon is formed over the free layer. 
A nonmagnetic coupling layer with a second pinned myer formed thereon is formed over the 
first pinned layer. A pinning layer is formed over the second pinned layer and a second lead 
is formed over the pinning layer. The hard bias l&yer, or hard magnet, is in direct contact 
with the free layer which provides for maximum stabilization and positioning so a short- 
circuit path through the hard magnet does not create a problem. 

The above and additional advantages ot the present invention will become apparent to 
those skilled in the art from a reading of me following detailed description when taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side view schematicrof a disk drive system using the present invention; 

FIG. 2 is a simplified top view of the system incorporating the present invention; 

FIG. 3 (PRIOR ART) is a vieAv of a prior art spin-dependent tunneling sensor; 

FIG. 4 is a view of a spin-dependent tunneling sensor with longitudinal hard biasing 
in accordance with the present invention; 

FIG. 5 is a view of the first stage in the manufacture of the longitudinally hard biased 
spin-dependent tunneling sensor in accordance with the present invention; 

FIG. 6 is the structure of FIG. 5 after several manufacturing process steps; 

FIG. 7 is the structure of FIG. 6 during a lift-off process; 

FIG. 8 is the stmcture of FIG. 7 after successive deposition of a plurality of materials; 
FIG. 9 is the stmcture of FIG. 8 after further processing; and 
FIG. 10 is the structure of FIG. 9 during a further lift-off process. 



Docket No. 1012-003 



• 



BEST MODE FOR CARRYING OUT THE INVENTION 

Referring now to FIG. 1, therein is shown a magnetic recording disk drive system 10. 
The system 10 has a housing 12 on which a disk drive motor w is mounted. The disk drive 
motor 14 is a high-speed motor having a hub 16 on which one or more magnetic recording 
disks, such as a magnetic recording disk 20, is mounted. / 

The term "horizontal" as used herein for the systemr 10 is defined as a plane parallel to 
the conventional plane or surface of the recording disly regardless of the orientation of the 
disk. The term as used herein for the sensor used irythe system 10 is defined as a plane 
parallel to the surface upon which an initial layer is ^deposited regardless of the subsequent 
orientation of the surface. The term "longitudinal" ak used herein is defined as parallel to the 
direction of movement of the magnetic recording Xiisk 20. The term "vertical" refers to a 
direction perpendicular to the horizontal as jusy defined. Terms, such as "on", "above", 
"below", "higher", "lower", "over", and "undeA are defined with respect to the horizontal 
plane. / 

The disk 20 is generally covered by a lubricant to minimize friction during start-up 
conditions. During operation, a film of air tin the disk 20 lifts an air-bearing slider 22 away 
from the surface due to the rotation of the/disk 20. A read/write sensor 24 according to the 
present invention is mounted to the air- Bearing slider 22. The read/write sensor 24 has a 
spin-dependent tunneling (SDT) sensor incorporated therein having the present invention. 

The air-bearing slider 22 and tne read/write sensor 24 are held by a suspension arm 
26, which provides a spring action to hold the air-bearing slider 22 within a specified range of 
distances from the surface of the diskr 20. The suspension arm 26 is supported by an arm 28, 
which is rotated by an actuator 3 Of As the disk drive motor 14 rotates the disk 20, the 
actuator 30 moves the read/write sensor 24 radially with respect to the surface of the disk 20 
to access different data tracks theipon. 

Referring now to FIG. 21 therein is shown the top view of the system 10 with the 
sensor 24 at the end of the suspension arm 26 and connected by wires 32 to read/write 
circuitry (not shown). A pivoy 34 allows the arm 28 to turn in order to read/write to various 
tracks on the disk 20. / 

Referring now to FIG. 3 (PRIOR ART), therein is shown a prior art spin-dependent 
tunneling (SDT) sensor 50. /The SDT sensor 50 has a shield/bottom lead 52. A seed layer 
54 is deposited on the sWelja/bottom lead 52. The seed layer 54 is used for growing a good 
crystal structure antiferromagnet, an antiferromagnet 56, which may be of a material such as 
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palladium manganese 



iridium manganese (IrMn), platinum manganese (PtMn), platini 

*\ 

(PtPdMn), iron manganese (FeMn), nickel manganese (NiMn. 

The antiferromagnet 56 is deposited on the seed layer 5fA having a crystal structure, 
which will provide a good exchange bias for a first ferromagnet 58. The first ferromagnet 58 
is a pinned layer. 

A nonmagnetic coupling layer 60, such as ruthenium (Ru), is deposited to a thickness 
of 8 - 9 A and a second ferromagnet 62 is deposited on top of the nonmagnetic coupling layer 
60. The nonmagnetic coupling layer 60 forms a strong synthetic antiferromagnet between the 
first and second ferromagnets 58 and 62. The firsthand second ferromagnets 58 and 62 are 
generally of cobalt (Co), iron (Fe), cobalt iron (</oFe), nickel iron (NiFe), or cobalt nickel 
iron (CoNiFe). 

A tunneling barrier layer 64 is deposited above the second ferromagnet 62. The 
tunneling barrier layer 64 is between 5-10 Avthick and generally of aluminum oxide (A1 2 0 3 ), 
aluminum nitride (A1N), or chromium oxidye (CrO). It will be understood that the tunneling 
phenomenon is practical only with very thin tunneling barriers. Tunneling barriers in excess 

of about 10 A will generally have too great a resistance for most applications. 

/ ^ 

A third ferromagnet 66 is deposited above the tunneling barrier layer 64. The third 

ferromagnet 66 forms the free layer, which rotates in response to the field from the disk and 
changes its resistance. The third fen/bmagnet 66 is generally of cobalt (Co), iron (Fe), cobalt 
iron (CoFe), nickel iron (NiFe), or cfobalt nickel iron (CoNiFe). 

A capping layer 68 is deposited on top of the third ferromagnet 66 to provide 
protection to the third ferromagnfet 66 during processing. The capping layer 68 is generally 
of tantalum (Ta) or nickel iron dnromium (NiFeCr). 

A shield/top lead 70 i$ deposited on top of the capping layer 68. The alternating 
current, which is sensed, passes between the shield/bottom lead 52 and the shield/top lead 
70. The interior current flow portions of the SDT sensor 50 are insulated from the outside 
environment except at the/shi eld/bottom and shield/top leads 52 and 70, respectively, by an 
insulator 72, which is generally of an insulating oxide. 

The insulator 7^further carries a permanent or hard biased magnet 74 and insulates 
the hard magnet 74 from the third ferromagnet 66 while longitudinally hard biasing it. 
Without the hard magnet 74, the signal will be extremely noisy and the SDT sensor 50 less 
sensitive. The hard magnet 74 generally has a chromium (Cr) seed upon which cobalt 
chrome platinum (CpCrPt) is deposited. 



Docket No. 1012-003 



y 

JOB 



S 
CO 

y 

Q 



The thickness of the insulator 72 between the free layer, which is the third 
ferromagnet 66, and the hard magnet 74 is extremely sensitive because the hard biasing 
strength becomes smaller in proportion to the thickness so that stabilization is inefficient. 
Thus, the insulator 72 should be very thin. Conversely, attempts /to make the insulator 
5 thinner, result in short-circuiting of the current passing betweep the shield/bottom and 
shield/top leads 52 and 70. 

Referring now to FIG. 4, therein is shown a longitudinallVhard biased spin-dependent 
tunneling sensor (HBSDTS) 100 according to the present invention. The HBSDTS 100 has a 
shield/bottom lead 110. The shield/bottom lead 1 10 is generally of nickel iron (NiFe) or other 
10 conductive material, and/or where there is a separate shield,yfhe conductive material is of gold 
(Au), copper (Cu), or other conductive material. 

The shield/bottom lead 110 has a recess in whi6h a seed material 112 is deposited. 
The seed material 1 12 is of a material such as chromium (Cr) or nickel aluminum (NiAl) for 
the deposition of a hard magnet 114. 
15 The hard magnet 114 can be of a material such as cobalt platinum (CoPt), cobalt 

chrome platinum (CoCrPt), cobalt chrome tanta/im (CoCrTa), or cobalt chrome tantalum 
platinum (CoCrTaPt). 

The first gap spacer 1 1 6 is of a nonmagnetic, hard, conductive material such as copper 
(Cu), tantalum (Ta), or chromium (Cr). 

A free layer 118 is logatedm conta6t with and above the hard magnet 114 and is in 
felectrical contact^fttiTthe first gap spacem 16. In the present invention, the free layer 1 18 is 
a ferropaagnetic material such as cobalt iron (CoFe) or nickel iron (NiFe). 

A tunneling barrier layer 120 id positioned above the free layer 118. The tunneling 
barrier layer 120 is of a material suchyas aluminum oxide (AI2O3), aluminum nitride (A1N), or 
25 chromium oxide (CrO). 

A first pinned layer 12^ is above the tunneling barrier layer 120 and is a 
ferromagnetic material such as cqoalt (Co), iron (Fe), cobalt iron (CoFe), nickel iron (NiFe), 
or cobalt nickel iron (CoNiFe). 

A nonmagnetic coupling layer 124 is disposed above the first pinned layer 122. The 
30 nonmagnetic coupling layer 1214 is of a material such as ruthenium (Ru). 

A second pinned layer 126 is deposited on the nonmagnetic coupling layer 124, which 
separates the first and second pinned layers 122 and 126. The second pinned layer 126 is a 
ferromagnetic material sucn as cobalt iron (CoFe) or nickel iron (NiFe). 
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A pinning layer 128 is positioned above the second pinned layer \2p and pins the 
second pinned layer 126. The pinning layer 128 is of a material such as platmum manganese 
(PtMn), iron manganese (FeMn), nickel manganese (NiMn), iridium manganese (IrMn), or 
nickel oxide (NiO). / 

A second gap spacer 130 separates the pinning layer 128 froryr a shield/top lead 132. 
The second gap spacer 130 is a nonmagnetic and conductive matesial such as copper (Cu), 
tantalum (Ta), or chromium (Cr). The gap spacers are sized so ayto place the free layer 118 
equidistant between the shield/bottom lead 110 and the shield/tomead 132. 

The shield/top lead 132 is generally of nickel iron (NiFd) or other conductive material, 
and/or where there is a separate shield, the conductive material is of gold (Au), copper (Cu), 
or other conductive material. / 

An insulator 134 protects the operative compon/nts of the HBSDTS 100. The 
insulator 134 is of an insulating material, such as alum/num oxide (A1 2 0 3 ), silicon dioxide 
(Si0 2 ), tantalum oxide (Ta 2 0 5 ), and silicon nitride (Si3N 4 ). 

The HBSDTS 100 solves the problems previously associated with insulation thickness 
criticality between the hard magnet 74 and the thiraferromagnet 66, which is the free layer. 
In the present invention, the hard magnet 1 14 is in direct contact with the free layer 118 for 
maximum stabilization while there is no problem with a short-circuit path through the hard 
magnet 1 14. / 

Referring now to FIG. 5, therein is sftiown a first stage in the manufacture of the 
HBSDTS 100. / 

A shield/bottom lead material 14(/is deposited on a substrate (not shown), which 
could be of a material such as alumina y\l x Oy) o^itanium carbide £TiQ. Subsequently, a 
first gap spacer material 142 is depositee! on the shield/bottom lead material 140. 

Referring now to FIG. 6, therein is shown the structure of FIG. 5 after several 
processing steps. First, a first photo/esist 144 is deposited over the first gap spacer material 
142. Second, a second photoresist /46 is deposited over the first photoresist 144. A bilayer 
process leaves the structure shown in FIG. 6 after developing in which the first photoresist 
144 is developed more than tne second photoresist 146 so the second photoresist 146 
overhangs the first photoresist L44. 

The first gap spacer material 142 and the shield/bottom lead material 140 are 
substantially anisotropically dtched by a process such as ion milling to remove the first gap 
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spacer material 142 to leave the first gap spacer 116 and to remove a potion of the 
shield/bottom lead material 140 to form the shield/bottom lead 110. / 

Subsequently, a deposition process is used to deposit the seed material 112 and the 
hard magnet 114. The deposition processes which could be used include; but are not limited 
to, ion beam deposition, sputtering, or physical vapor deposition. T?he deposition process 
leaves the seed material 112 and the hard magnet material 1 14 on the second photoresist 146. 
It should be noted that the relative thicknesses of the deposition ane not to scale in the figure. 

Referring now to FIG. 7, therein is shown the structure /f FIG. 6 in a lift-off process. 
In the lift-off process, a stripping material is used to release/the first and second photoresist 
144 and 146 from the surface of the first gap spacer 146. This causes removal of the 
unnecessary hard magnet material and the seed material/112 to leave a clean surface on the 
first gap spacer 116. / 

Referring now to FIG. 8, therein is shown ihe structure of FIG. 7 after successive 
deposition of a first ferromagnetic material 148, / tunneling barrier material 150, a second 
ferromagnetic material 152, a nonmagnetic coupling material 154, a second ferromagnetic 
material 156, an antiferromagnetic material 158, and a second gap spacer material 160. 

Referring now to FIG. 9, therein i/ shown the structure of FIG. 8 after further 
processing. A further bilayer process is used to deposit another bilayer photoresist of a third 
photoresist 162 and a fourth photoresist L64. 

The fourth photoresist 164 is used in conjunction with another anisotropic process, 
such as ion milling, to form the free la£er 1 1 8, the tunneling barrier layer 1 20, the first pinned 
layer 122, the nonmagnetic coupling layer 124, the second pinned layer 126, the pinning 
layer 128, and the second gap spac/r 130. 

Subsequently, the fourthyphotoresist 164 is used as a mask during the deposition of 
the insulator 134. The insulator materials can be deposited by processes such as RF 
sputtering, ion beam deposition, f or reactive sputtering. The preferred thickness of the 
insulator 134 is from about 1,000 Angstroms (A). 

Referring now to FIG. 10, therein is shown the structure of FIG. 9 during a lift-off 
process. The third photoresist 162 is stripped from the second gap spacer 130 and the bilayer 
photoresist is removed/ which removes the insulator 134 over the second gap spacer 130. It 
should again be noted that the relative thicknesses of the deposition are not to scale in the 
figure. 
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Thereafter, a shield/top lead material is deposited and processed to form the^shield/top 
lead 132 and to form the structure shown in FIG. 4 of the present invention. / 

After the HBSDTS 100 is finished, a writer portion is fabricated' on top of the 
shield/top lead 132. / 

The present invention provides a method of hard biasing for a SpT read sensor. The 
positioning of the ferromagnet with the free layer on top provides a very strong longitudinal 
biasing. This longitudinal biasing is provided by the strong exchange coupling between the 
free layer 118 and the hard magnet 114. As a result of this exchange coupling, noise from 
unstable domains at the edge of the free layer 118 can be effectively removed. 

Also because the various layers are fabricated after frmrication of the hard magnets, 
the cause of shorting by hard biasing is eliminated. / 

Further, the read track width of the SDT read sensor is controlled by the hard magnet 
contacting the free layer and thus the variation of read/track width is smaller than that in a 
conventional hard biasing system. / 

The SDT track width is larger than the actual track width. Therefore, the HBSDTS 
100 of the present invention will effectively reduce resistance of the sensor with small track 
width. / 

While the invention has been described/ in conjunction with a specific best mode, it is 
to be understood that many alternatives, modifications, and variations will be apparent to 
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to 
embrace all such alternatives, modifications, and variations which fall within the spirit and 
scope of the included claims. All matters hither-to-fore set forth herein or shown in the 
accompanying drawings are to be interpreted in an illustrative and non-limiting sense. 



